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When the Y chromosome of a Mus musculus domesticus mouse strain is placed onto the C57BL/6J (B6) inbred genetic
background, the XY (B6.YDOM) progeny develop ovaries or ovotestes, but not normal testes, during fetal life. At puberty,
while some of the hermaphroditic males become fertile, none of the XY sex-reversed females produce litters. We have
previously demonstrated that the eggs ovulated from the B6.YDOM ovary undergo fertilization ef®ciently, but cannot develop
beyond the 2-cell stage either in vivo or in vitro. In the present study, we collected oocytes directly from the XY ovary,
and examined their maturation, fertilization, and embryonic development in vitro. The results show that the juvenile XY
ovary yielded far more fertilizable oocytes by direct collection and in vitro maturation than through in vivo ovulation, but
the majority of fertilized eggs failed to reach the blastocyst stage. Hence, developmental incompetence of oocytes in the
XY ovary appears to be programmed during oocyte differentiation or growth. Nonetheless, in vitro matured oocytes showed
a higher potential of embryonic development than the ovulated eggs, suggesting that fertility of the XY female may be
impaired by multiple factors. We hypothesized that poor responsiveness of the XY ovary to gonadotropins, as we have
previously demonstrated in testosterone production, may impair follicular development or proper recruitment of oocytes
for ovulation. In the present study, we compared 125I-hCG binding in XX and XY ovaries, but did not ®nd a signi®cant
difference. Hence, LH activity appears to be impaired after receptor binding in the XY ovary. On the other hand, the pattern
of 125I-hCG binding indicated that the majority of antral follicles in the XY ovary failed to undergo normal preovulatory
phases, which may explain the lower developmental capacity of eggs after ovulation. q 1996 Academic Press, Inc.
INTRODUCTION appears to be more tolerant in the mouse. For example,
XO female mice are invariably fertile although they have a
shorter reproductive life than normal XX female mice (LyonIn mammals, the presence of the Y chromosome directs
and Hawker, 1973; Burgoyne and Baker, 1981, 1985). Evendifferentiation and organization of gonadal somatic cells
some mutant strains of XY sex-reversed females are fertile.into testes and its absence results in development of ovaries.
The Sry region is deleted in a mutant strain of XY femaleA small region on the Y chromosome, named SRY in hu-
mice, which produce offspring with frequent aneuploidymans and Sry in mice, appears to be suf®cient to initiate the
(Lovell-Badge and Robertson, 1990). On the other hand, thecascade of genetic events leading to testicular organization
Sry locus is intact but its expression is suppressed in ®ve(Berta et al., 1990; Gubbay et al., 1990; Koopman et al.,
lines of XY female mice, which are fully fertile despite ran-1991; Sinclair et al., 1990). Once gonadal sex is established,
dom segregation of the Y chromosome at meiosis and occa-primordial germ cells which have migrated into testicular
sional aneuploidy (Capel et al., 1993; Laval et al., 1995). Anand ovarian primordia undergo sexual differentiation to-
exception is the infertile B6.YDOM female mouse.ward spermatogenesis and oogenesis, respectively, regard-
The B6.YDOM mouse strain has been established by plac-less of their own chromosomal sex.
ing the Y chromosome of Mus musculus domesticus wildWhile later stages of spermatogenesis require XY sex
strain onto the C57BL/6J (B6) inbred genetic background bychromosomal compositions (Bardoni et al., 1991; Kay et al.,
1991; Mitchell et al., 1992; Burgoyne et al., 1992), oogenesis repeated backcrosses (Eicher et al., 1982; Eicher and Wash-
263
0012-1606/96 $18.00
Copyright q 1996 by Academic Press, Inc.
All rights of reproduction in any form reserved.
AID DB 8289 / 6x11$$$261 08-21-96 07:39:40 dba AP: Dev Bio
264 Amleh et al.
burn, 1983; Nagamine et al., 1987). Despite the presence of suggesting that LH activity on testosterone synthesis is im-
paired after receptor binding in the XY ovary. In addition,an intact Y chromosome and transcription of the Sry gene
at a normal onset time, the XY gonadal primordium differ- antral follicles in the XY ovary may not follow the same
process or timing of ovulation as those in the XX ovary.entiates into an ovary or an ovotestis, but not a normal
testis, during fetal life (Lee and Taketo, 1994). At puberty,
while some of the hermaphroditic males become fertile,
none of the XY females produce litters except in one case MATERIALS AND METHODS
(Eicher et al., 1982; Eicher and Washburn, 1986; Taketo-
Hosotani et al., 1989). We have demonstrated that the eggs Preparation of B6.YDOM Mice
ovulated from the XY ovary undergo fertilization ef®ciently
B6.YDOM male mice (N22-26 backcross generations) carrying thebut cannot develop beyond the 2-cell stage either in vivo
B6 genetic background and the Y chromosome from M. m. domes-or in vitro (Merchant-Larios et al., 1994). The cause of infer-
ticus (Tirano, Italy) were prepared as previously described (Naga-
tility appears to be restricted to the XY ovary since the mine et al., 1987) and maintained in our mouse colony. B6.YDOM
pituitary of the XY female functions normally in the pres- progeny were produced by crossing B6.YDOM males with B6 females
ence of grafted XX ovaries (Taketo-Hosotani et al., 1989). (the Jackson Laboratory, Bar Harbor, ME). The day of delivery was
In previous studies, however, the fertility of oocytes was de®ned as 0 days postpartum (dpp). The chromosomal sex of indi-
vidual mice was determined by dot hybridization of peripheralexamined exclusively after ovulation. Since the B6.YDOM
blood from the tail with a mouse Y chromosome-speci®c DNAovary develops abnormal endocrine features including the
probe 145SC5 as described previously (Taketo-Hosotani et al.,absence of responsiveness to pregnant mare serum gonado-
1989). The XX littermates (most likely identical with B6 strain)tropins (PMSG) with respect to testosterone production
were used as control.(Villalpando et al., 1993), it was possible that ovulation did
not yield appropriate eggs. In fact, the number of ovulated
eggs was far smaller than would have been expected from Isolation and Culture of Oocyte±Cumulus Cell
the number of follicles present in the B6.YDOM ovary (Ta- Complexes
keto-Hosotani et al., 1989). In the present study, we col-
Each female mouse (21±36 dpp) was injected intraperitoneallylected oocytes directly from the XY ovary and examined
(ip) with 5 IU PMSG (Sigma Chemical, St. Louis, MO) and sacri®cedtheir maturation, fertilization, and embryonic development
46 hr later. Ovaries were dissected out and punctured with two 25-in vitro, thus involving neither ovulation nor mating, based
gauge needles in Waymouth MB752/1 medium (GIBCO, Burling-on the previous studies (Eppig and Schroeder, 1989; Eppig
ton, Ontario) supplemented with 5% fetal bovine serum (Sigma),
et al., 1992). The results show that the juvenile XY ovary 25 mg/liter sodium pyruvate, 75 mg/liter penicillin G potassium,
can produce far more mature oocytes than through ovula- and 50 mg/liter streptomycin sulfate (GIBCO), as described pre-
tion, but the fertilized eggs die during preimplantation peri- viously (Eppig et al., 1994). Oocyte±cumulus cell complexes (OCC)
ods. Hence, developmental incompetence appears to be pro- from antral follicles were selected, washed three times in fresh
grammed during differentiation or growth of oocytes in the medium, and incubated in a group of 17±20 OCC for 17 hr at 377C
under 90% N2, 5% O2, and 5% CO2. Preantral follicles were easilyXY ovary. Nonetheless, in vitro matured oocytes from the
identi®ed by retention of basement membrane. The oocytes thatXY female showed higher potential of embryonic develop-
got denuded during pipetting were excluded from the present study.ment than ovulated eggs, suggesting that the fertility of
oocytes may be impaired by multiple factors.
Further to understand the problem associated with ovula- Ovulation Induced by Gonadotropin Treatment
tion in the XY female, we investigated the effects of PMSG
Each female mouse (30±36 dpp) was ip injected with 5 IU PMSGon follicular development and distribution of LH receptors.
and 46 hr later with 5 IU hCG (Sigma). After 13±16 hr, the femalesIt is known that FSH, a major component of PMSG, pro-
were sacri®ced and eggs collected from the oviduct to be immedi-motes follicular development and induces LH receptors in
ately processed for fertilization.mural granulosa cells with synergistic actions of estradiol
(Zeleznik et al., 1974; Richards et al., 1976; Hillier et al.,
1978). In turn, LH plays a critical role in ovulation and Fertilization and Embryonic Development
luteinization. LH also regulates constitutive synthesis of
Sperm were collected from the cauda epididymis of two CD-1androgens, which are precursors of estrogens, in theca-inter-
males (Charle's River, St. Constance, Quebec) in each experimentstitial cells. Thus, LH and FSH exert distinct yet interdepen-
and allowed to swim in Eagle's minimum essential medium (MEM)dent effects on follicular development (Wang and
supplemented with 3 mg/ml bovine serum albumin (BSA), 0.01Greenwald, 1993). In the present study, we examined the
mM EDTA (Sigma), sodium pyruvate, and antibiotics. The oocytesbinding of 125I-hCG (as a stable ligand for LH receptors) to
after maturation in vitro were released from cumulus cells by re-
XX and XY ovaries both in vivo and in vitro. In vivo binding peated in and out pipetting and incubated in the medium con-
should re¯ect physiological events; however, it may be af- taining sperm (diluted to 4±6 1 105/ml) at 377C under 90% N2,
fected by alteration of blood circulation, whereas in vitro 5% O2, and 5% CO2. The ovulated eggs were immediately intro-
binding should demonstrate the distribution of LH recep- duced into the medium containing sperm. After 6±8 hr, the eggs
were washed three times in fresh medium and further incubatedtors. The results were consistent between the two methods,
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TABLE 1
Number of Females Used and Recovery of OCC in Each Experiment
XX XY XY(H)b
Agea No. of Total No. No. of Total No. No. of Total No.
(dpp) Exp. No. females of OCC females of OCC females of OCC
23 1 3 64 2 24
2 3 68 2 20
25 1 2 40 2 19
2 4 80 3 26
3 2 42 1 17
4 1 20 2 25
27 1 1 29 3 49
2 2 60 2 32
3 1 30 3 47
4 2 61 2 34
5 3 100 2 38
6 2 54 1 15
32 1 4 79 2 20
2 2 40 2 19 2 25
3 4 111 4 64 1 20
4 4 96 4 55 3 44
5 2 43 2 20 2 36
a Age of female at the time of OCC collection.
b H, hermaphrodite.
for 24±56 hr. The zygotes that reached the 2-cell stage were trans- hCG Binding on Histological Sections
ferred into KSOM medium (Lawitts and Biggers, 1993) supple- Two each of XX and XY females were sacri®ced at 35 dpp. Two
mented with both essential and nonessential amino acids (GIBCO) XX and three XY females at 33 dpp were ip injected with 5 IU
and further incubated for 96±120 hr. PMSG and sacri®ced 46 hr later. Their ovaries were dissected out,
placed in Tissue-Tek O.C.T. medium, and frozen in liquid nitrogen.
Within 6 hr, frozen sections were cut serially at 10 mm of thickness,
Statistical Analysis collected onto positively charged glass slides (Fisher Sci., Ottawa,
Ontario), air dried, and ®xed in a mixture of 0.02% picric acid andThe number of females used in each experiment is given in Table
2% formaldehyde for 10 min, followed by three washes in 0.01 M1. When oocytes of one type were processed in more than one
PBS as described by Bortolussi et al. (1979). Slides were stored ingroup, the data were pooled, and percentages of oocytes or embryos
a dessicator at 0207C overnight.which progressed further were calculated. Variance between experi-
125I-hCG was diluted to ®nal concentrations of 70, 200, and 600ments was assessed by two-way ANOVA. The mean of three to six
cpm/ml in a medium containing 0.05 M Tris±HCl (pH 7.0), 0.01 Mexperiments was used to evaluate the signi®cant difference by
CaCl2, 0.02 M MgCl2, and 0.1% BSA (TBM). Frozen sections (threepaired Student's t test.
slides from each ovary type) were incubated at 377C for 90 min in
200 ml TBM supplemented with (1) none, (2) 70 cpm/ml 125I-hCG,
(3) 200 cpm/ml 125I-hCG, (4) 600 cpm/ml 125I-hCG, (5) 70 cpm/mlhCG Binding in Vivo
125I-hCG and cold hCG (1000-fold higher than the concentration of
Three XX and two XY females at 35±39 dpp and one of each type labeled hCG), (6) 200 cpm/ml 125I-hCG / cold hCG, or (7) 600 cpm/
at 25 dpp were ip injected with 5 IU PMSG, 46 hr later injected with ml 125I-hCG / cold hCG. (Unlabeled hCG was added to examine
0.4±0.8 mCi 125I-hCG (speci®c activity, 80 mCi/mg, NEN/DuPont, nonspeci®c bindings.) After incubation, the slides were washed
Mississauga, Ontario) intravenously into the tail, and sacri®ced 2 three times in PBS (pH 7.0), post®xed in 3% glutaraldehyde in PBS
for 10 min, and then washed three times in PBS throughout at 47C.hr later. The same number of females as above were also injected
Slides were air dried and processed for autoradiography as describedwith 125I-hCG without prior treatment with PMSG. To examine
above.the speci®c binding, 5 IU cold hCG was ip injected 30 min prior
to 125I-hCG injection in an XX female in each experiment. Ovaries
were dissected out, ®xed in Bouin's solution at room temperature RESULTS
overnight, and embedded in paraf®n. Sections of 6 mm thickness Recovery of Oocyte±Cumulus Complexes fromwere cut and placed on histology slides. After thorough washing,
Antral Folliclesthe slides were dipped in Kodak NTB-2 emulsion, stored at 0207C
The number of OCC recovered from antral follicles of thefor 2 weeks, developed for silver grains, and counterstained with
hematoxylin and eosin. XY ovary was around half that of the level of the control
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TABLE 2
In Vitro Maturation, Fertilization, and Embryo Development of Oocytes Collected from XX and XY Ovaries at Various Postnatal Ages
Development (%)
Age No. of OCC/ Maturation Fertilization 2-cell/ 4-cell/ Blastocyst/
(dpp) Exp. Genotype mouse (%) (%) (MI / MII) 2-cell 2-cell
23 2 XX 22 98 80 27 54 12
2 XY 11 90 65 27 20 0
25 4 XX 20 { 0 98 { 1 73 { 8a 63 { 13 69 { 7 37 { 8
4 XY 11 { 2* 88 { 5 67 { 2a 47 { 9 41 { 10 0 { 0*
27 6 XX 30 { 1 99 { 1 85b 72 { 3 77 { 2 35 { 5
6 XY 17 { 1** 89 { 3 80b 46 { 7** 35 { 9** 4 { 3**
32 5 XX 23 { 1 98 { 2 71 { 4a 53 { 4 70 { 7 52 { 5a
5 XY 13 { 1** 98 { 2 65 { 4a** 40 { 6 18 { 6** 0 { 0a**
4 XY (H) 16 { 2 88 { 3 73 { 3a 35 { 7 21 { 1* 0 { 0**
a Recorded in three experiments only.
b Recorded in two experiments only.
* Signi®cant difference from the XX control (P  0.05).
** Signi®cant difference from the XX control (P  0.01).
XX ovary throughout development (Tables 1 and 2). The nuclei in some early experiments, as indicated in the foot-
note of Table 2.difference in number was mainly due to elimination of
many oocytes from the XY ovary which were denuded dur-
ing handling of OCC. The maximum number of OCC was
Embryonic Developmentrecovered at 27 dpp from both XX and XY ovaries. The
number of OCC recovered from the unilateral ovary of the The proportion of mature oocytes (at MI or MII stage)
XY hermaphrodite which possessed a contralateral testis which underwent the ®rst cell cleavage after fertilization
was comparable to that from both ovaries of the XY female was comparable between XX and XY groups when OCC
at 32 dpp. were collected at 23 dpp (Table 2). At 25 dpp, the proportion
of oocytes from the XX ovary which reached the 2-cell stage
doubled, whereas that from the XY ovary increased to a
Maturation of Oocytes in Vitro lesser degree. The difference between the two groups was
statistically signi®cant at 27 dpp. The ®rst cell cleavageMost oocytes in OCC from the XY ovary underwent GV
began by 19±24 hr postinsemination in both groups.breakdown (metaphase IMI) and the ®rst meiotic division
A lower proportion of 2-cell stage embryos derived from(metaphase II  MII) in vitro. The percentage of overall
maturation (MI/MII) was consistently lower than the con-
trol from the XX ovary at 23±27 dpp (Table 2). The propor-
tion of oocytes which reached the MII phase (as identi®ed
by extrusion of the ®rst polar body) increased gradually with
age in all groups (Fig. 1). The mean MII/(MI / MII) ratio of
oocytes from the XY ovary was higher but not signi®cantly
different from that of the XX control at 25 dpp or later. Both
overall maturation and MII/(MI/MII) ratio of oocytes from
the XY hermaphrodite were comparable to those from the
XY female (Table 2, Fig. 1).
Fertilization
Fertilization of oocytes from both XX and XY ovaries was
evident by the presence of two pronuclei. The success rate
of fertilization with oocytes from the XY ovary was lower FIG. 1. Proportion of oocytes at the MII phase in total matured
than that from the XX ovary at all developmental ages ex- oocytes (MI / MII). The number above each column indicates the
number of experiments.amined (Table 2). We did not observe the formation of pro-
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TABLE 3
Postfertilization Development of in Vitro Matured Oocytes vs Ovulated Eggs
Development (%)
Preparation Eggs/ 2-cell/ 4-cell / Blastocyst/
Genotype of eggs female (MI / MII) 2-cell 2-cell
XX In vitro 21 { 1 73 { 0 80 { 4 48 { 7
Ovulation 19 { 1 80 { 3 76 { 4 43 { 9
XY In vitro 12 { 1* 53 { 4* 38 { 9* 0 { 0*
Ovulation 6 { 1*,# 40 { 7* 7 { 5*,# 0 { 0*
Note. Values, means { SE (seven experiments).
* Signi®cant difference from the XX control (P  0.05).
# Signi®cant difference from the preparation in vitro (P  0.05)
the XY ovary reached the 4-cell stage if compared with that were injected with PMSG, the number of antral follicles
increased in both XX and XY ovaries. 125I-hCG binding wasfrom the control XX ovary at all developmental ages exam-
ined (Table 2). In the XY group, the proportion reached max- abundant in theca layers and mural granulosa cells of pre-
ovulatory follicles in the XX ovary (Figs. 3c and 3d), whereasimum levels at 25±27 dpp and decreased afterward, whereas
in the control XX group, it remained high up to 32 dpp. The such ®gures could not be found in the XY ovary. Instead,
dense silver grains were seen over clustered cells, whichdifference was statistically signi®cant at 27 and 32 dpp.
Furthermore, only two XY-derived zygotes reached the blas- resembled luteinized cells, in a large antral follicle con-
taining a partially denuded oocyte (Figs. 3g and 3h). Corpustocyst stage in one experiment, whereas up to 52% of XX-
derived zygotes did so (Table 2). lutea were rare in either type of ovary.
At 35 dpp, a greater number of antral follicles were seen
in both XX and XY unprimed ovaries. The binding of 125I-
Comparison of Developmental Competence hCG was similar to that seen at 25 dpp (not shown). After
between in Vitro Matured Oocytes PMSG priming, many large corpus luteal structures with
and Ovulated Eggs heavy 125I-hCG binding appeared in the XY ovary (Figs. 4e±
4h). Granulosa cells did not show 125I-hCG binding whileXX and XY female littermates (30±36 dpp) were divided
into two groups in each experiment and subjected to either multilayers of theca cells did so in many large but possibly
ovulation or collection and maturation of oocytes in vitro.
All eggs were then processed for fertilization and embryonic
development in vitro. The number of eggs ovulated from
the XY female was signi®cantly smaller than that after in
vitro maturation or the number from the XX female (Table
3). Percentages of eggs which reached the 2-cell stage after
fertilization were comparable between the two prepara-
tions. However, the eggs ovulated from the XY female initi-
ated the ®rst cell cleavage signi®cantly later than those
matured in vitro (Fig. 2). Furthermore, a much lower per-
centage of the 2-cell stage embryos prepared from the XY
female by ovulation reached the 4-cell stage (Table 3). None
of the zygotes obtained from the XY ovary developed to the
blastocyst stage regardless of the preparation method. No
difference was observed between in vitro matured oocytes
and ovulated eggs from the XX female except that ovulated
eggs underwent the ®rst cell cleavage faster than in vitro
matured oocytes (Fig. 2).
FIG. 2. Percentage of matured oocytes (MI / MII) which reached
the 2-cell stage at varying times after insemination. (The scale is125I-hCG Binding in Vivo
not proportional.) The bar indicates SE of the mean (four experi-
In both XX and XY ovaries at 25 dpp, 125I-hCG binding ments each). (* and #) Signi®cant difference from the corresponding
was scattered in the interstitium as well as the theca layers XX control and the value obtained from in vitro maturation, respec-
tively (P  0.05).of antral follicles (Figs. 3a, 3b, 3e, and 3f). When females
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atretic follicles (Figs. 4g and 4h). In the control XX ovary, the low endocrine activities of the XY female (Villalpando
et al., 1993).by contrast, 125I-hCG binding was frequently seen in mural
granulosa cells of preovulatory follicles (Figs. 4a±4d). If Interestingly, the XY ovary of hermaphrodites produced
twice as many OCC as the ovary of XY females. The numbercompared with the XY ovary, a much smaller number of
corpus luteal-like tissues with 125I-hCG binding were found per mouse was thus comparable. Developmental compe-
tence of oocytes from the two sources was also similar.in the XX ovary. When cold hCG was injected 30 min prior
to the administration of 125I-hCG, silver grains were reduced These ®ndings indicate that the presence of testes did not
disturb differentiation or growth of oocytes in the contralat-but not completely eliminated (data not shown).
eral ovaries. Furthermore, a mechanism may act to compen-
sate for the absence of oocytes in the contralateral gonad
125I-hCG Binding in Histological Sections in the XY hermaphrodite mouse as previously reported in
the hemiovariectomized XX female rat (Peppler andPatterns of 125I-hCG binding in histological sections of
Greenwald, 1970; Peppler, 1971; Butcher, 1977). Alterna-both XX and XY ovaries at 35 dpp without PMSG priming
tively, in the hermaphrodite mouse, secretion of testoster-were similar to those of hCG binding in vivo. Binding was
one by the contralateral testis may compensate the lowabundant in the interstitium and theca layers of antral folli-
testosterone production by the XY ovary (Villalpando et al.,cles while it was scarce in granulosa cells (Fig. 5). Silver
1993).grains were seen over mural granulosa cells of antral-like
follicles in an XY ovary, but theca cells in their vicinity
were thickening, unusual at the antral stage (Figs. 5i and Fertilization and Embryonic Development
5j). Because of the absence of oocyte, we could not identify
Fertilization was not impaired in the oocytes from the XYthe exact stage of the follicle. Corpus lutea with medium
ovary after maturation in vitro, like those after ovulationdensity of silver grains were occasionally found in the XX
(Merchant-Larios et al., 1994; present study). However, theovary, but rarely in the XY ovary. When females were
later development of zygotes appeared to be better whenprimed with PMSG, hCG binding was found in mural gran-
oocytes were directly collected from juvenile ovaries andulosa cells of many preovulatory follicles in the XX ovary
matured in vitro rather than through ovulation. The ratio(not shown). In contrast, only one preovulatory-like follicle
and timing of ®rst cell cleavage was comparable betweenwith a similar hCG binding pattern was found in the XY
oocytes of XX and XY ovaries after maturation and fertiliza-ovary (Figs. 6a±6d). Other characteristics of hCG binding
tion in vitro. In contrast, a clear delay in the timing ofwere comparable to those observed with in vivo binding.
®rst cell cleavage was observed when oocytes were ovulatedAddition of excess cold hCG eliminated the binding of 125I-
from the XY ovary and fertilized in vitro. The zygotes ob-hCG to the background level (Figs. 6e and 6f).
tained through ovulation in the normal XX female devel-
oped rather faster than in vitro matured oocytes. These
®ndings may suggest that (1) induction of ovulation by go-DISCUSSION
nadotropins is delayed in the XY female; (2) oocytes accu-
mulate additional problems through maturation in the XYProduction of Mature Oocytes
ovary; or (3) ovulation fails to recruit oocytes at a proper
stage.The major advantage of the in vitro oocyte maturation
method appears to be good recovery of fertilizable oocytes Further embryonic development was also slightly better
when oocytes were collected directly from the XY ovary.from the XY female. On average 15 mature oocytes were
obtained from each XY female at 27 dpp. The recovery from For example, a few zygotes reached the 4- or 8-cell stage in
every experiment, and in one case two reached the blasto-normal XX females was also maximum at this age. In con-
trast, no egg was ovulated from the XY female at 27 dpp after cyst stage. However, these proportions were much smaller
than that of the control from the XX ovary. Thus, eitherPMSG and subsequent hCG injections (data not shown). At
30±36 dpp, an average of 12 mature oocytes were recovered ovulated or in vitro matured oocytes from the XY ovary
appear to be fundamentally incompetent for embryonic de-by the in vitro method, whereas 6 were ovulated by the XY
female. The failure of ovulation at young ages may re¯ect velopment.
FIG. 3. In vivo 125I-hCG binding to ovaries at 25 dpp. (a, c, e, g) Light micrographs with hematoxylin and eosin staining. (b, d, f, h)
Autoradiography shown in dark-®eld, corresponding to a, c, e, g, respectively. 170. (a and b) XX ovary (unprimed). Silver grains were
mainly localized in the interstitium and theca layers of an antral follicle (af). (c and d) XX ovary primed with PMSG. Note dense silver
grains over theca cells (arrowheads) and mural granulosa cells of a preovulatory follicle (pof). (e and f) XY ovary (unprimed). Silver grains
were mainly seen in the interstitium and theca layers of an antral follicle (af). (g and h) XY ovary primed with PMSG. Heavy silver grains
were seen over luteinized-like cells(arrowheads) in a large antral follicle whose oocyte was partly denuded (**). 125I-hCG binding was
absent in an atretic follicle (*).
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Developmental incompetence of oocytes in the B6.YDOM and XY ovaries were almost identical, in agreement with
previous observations in the normal rat ovary (Zeleznik etfemale cannot be simply explained by its XY genotype. The
Y chromosome appears to be randomly segregated during al., 1974; Uilenbroek and Richards, 1979; Uilenbroek et al.,
1980; Wang and Greenwald, 1993). After PMSG treatment,meiotic cell divisions in mutant XY females (Capel et al.,
1993). The presence of the Y chromosome in the MII-ar- hCG binding was intensi®ed in theca cells of large antral
follicles in both types of ovaries. Hence, the lack of responserested oocytes from the B6.YDOM female has also been dem-
onstrated (Eicher and Washburn, 1986; Taketo et al., unpub- to LH/hCG in the XY ovary appears to be at the level of
signal transduction or further downstream.lished data). Hence, the death of a quarter of zygotes, but
not the rest, can be attributed to the YY genotype. Since
none of fertilized eggs from the B6.YDOM female survive
through the preimplantation period, whereas other mutant Follicular Development
XY females produce live-born progeny, the cause of embryo
death should be other than the XY chromosomal constitu- hCG binding in the granulosa cell lineage demonstrated
remarkable differences in the fate of antral follicles betweention per se. We hypothesize that transcription of the Sry
gene during the early phase of ovarian differentiation in the XX and XY ovaries. In the normal XX ovary upon PMSG
stimulation, many antral follicles develop to the preovula-B6.YDOM fetus may lead to abnormal somatic cell differenti-
ation or oocyte development since in all other fertile XY tory phase, at which mural granulosa cells express LH recep-
tors (Zeleznik et al., 1974; Uilenbroek and Richards, 1979;females, the Sry gene is absent or silent during gonadal
differentiation. Uilenbroek et al., 1980; Wang and Greenwald, 1993). By
contrast, no typical preovulatory follicle was found in the
XY ovary. Instead, most large follicles found contained half-
Response to Gonadotropins denuded oocytes and occasionally thickening of theca layers
with abundant hCG binding. We do not know whether anyWe have previously found that PMSG, which has both
LH and FSH activities, fails to increase testosterone produc- of these follicles would have contributed to ovulation, but
we suspect that many developed into the corpus lutealtion and only slightly increases progesterone levels in the
B6.YDOM ovary, whereas it increases the synthesis of estra- structure with high hCG binding.
Loose contact between the oocyte and cumulus cells ap-diol from testosterone to a similar extent in XX and XY
ovaries (Villalpando et al., 1993). Furthermore, the present pears to be an important feature of the XY ovary. Upon
isolation of OCC from antral follicles, more than half ofstudy indicates that treatment with PMSG promotes follic-
ular development in the juvenile XY ovary. Since testoster- the oocytes were found to be denuded. Although only the
oocytes ®rmly attached with cumulus cells were furtherone synthesis is mainly regulated by LH, while follicular
growth and aromatase activity is by FSH, the gonadotropin processed, the majority became denuded by the end of in
vitro maturation (data not shown). It is known that theinsensitivity of the XY ovary can be more likely attributed
to a problem of hCG/LH action. Such an insensitivity can differentiation and function of granulosa cells are in¯u-
enced by contact with oocytes as well as steroids and gonad-be caused by either low af®nity of receptors or impaired
signal transduction mechanisms. Accordingly, we studied otropins (Kotsuji et al., 1994). In the XY ovary, the lack of
LH action and low steroidogenic activities in theca cellsthe presence and distribution of LH receptors by examining
the binding of 125I-hCG both in vivo and in vitro. may alter granulosa cell functions. Alternatively, XY oo-
cytes may fail to synthesize the components essential forPatterns of hCG binding to theca-interstitial cells in XX
FIG. 4. In vivo 125I-hCG binding to ovaries at 35 dpp. (a, c, e, g) Light micrographs with hematoxylin and eosin staining. (b, d, f, h)
Autoradiography shown in dark-®eld, corresponding to a, c, e, g, respectively. (a and b) XX ovary primed with PMSG. Heavy silver grains
were seen over the mural region of preovulatory follicles (pof), and less intensely in the interstitium. 170. (c and d) As above at a higher
magni®cation. Silver grains were concentrated in both theca and mural granulosa cells of preovulatory follicles. 1140. (e and f) XY ovary
primed with PMSG. Heavy silver grains were seen over lutenized-like cells in two follicles (*) and to a lesser extent in the interstitium.
hCG binding was absent in a large follicle (**), whose location and size resembled preovulatory follicle but the appearance of oocyte and
cumulus cells suggested atresia. 170. (g and h) As above at a higher magni®cation. Heavy silver grains were seen over theca cells
(arrowheads), but not granulosa cells of a large follicle which contained very few cumulus cells bridging the oocyte and mural granulosa
cells. In the corpus luteal tissue, binding was less abundant near the antrum (*). 1140.
FIG. 5. 125I-hCG binding to histological sections of ovaries (unprimed) at 35 dpp. (a, c, e, g, i) Light micrographs with hematoxylin and
eosin staining. (b, d, f, h, j) Autoradiography shown in dark-®eld, corresponding to a, c, e, g, i, respectively. (a±d) XX ovary. Silver grains
were mainly seen in the interstitium, the theca layers of some antral follicles (af), and corpus luteal tissue (arrowhead). 165. (e and f) The
section shown in c and d at a higher magni®cation. Silver grains were localized in the interstitium and theca layers of antral follicles.
1130. (g and h) XY ovary. Silver grains were seen in the interstitium and mural area of a large antral follicle (af) and another follicle (*)
which had developed an antrum but its stage could not be identi®ed. 165. (i and j) As above at a higher magni®cation. Silver grains were
concentrated in thickening theca layers and mural granulosa cells (arrowheads) of an antral follicle. 1130.
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FIG. 6. 125I-hCG binding to histological sections of ovaries at 35 dpp primed with PMSG. (a, c) Light micrographs with hematoxylin and
eosin staining. (b, d) Autoradiography shown in dark-®eld, corresponding to a, c, respectively. (e, f) Autoradiography in dark-®eld. (a and
b) XY ovary. Heavy silver grains were seen in the interstitium, corpus luteal tissue (arrowheads), and mural granulosa cells of a preovulatory
follicle (*). 170. (c and d) As above at a higher magni®cation. Note the heavy silver grains in mural granulosa cells in contrast to their
absence in cumulus cells around the oocyte in a preovulatory follicle. 1140. (e and f) XX and XY ovaries, respectively, incubated with an
excess amount of cold hCG prior to incubation with 125I-hCG. Only background levels of silver grains were seen. 170.
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Deletion of Y chromosome sequences located outside the testiscontact with cumulus cells and consequently perturb gran-
determining region can cause XY female sex reversal. Natureulosa cell differentiation and folliculogenesis.
Genet 5, 301±307.
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